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(57) ABSTRACT 

Embodiments of the invention provide a multi-terminal resis 
tance device with ?rst and second electrodes, a shared third 
electrode, and a resistance layer providing ?rst and second 
current paths between the shared third electrode and the ?rst 
and second electrodes, respectively. A current state of the 
device may be programmed by applying one or more electri 
cal signals along the ?rst and/or second current paths to 
change a resistance of the device. In some embodiments, 
applying an electrical signal may switch a junction resistance 
of the ?rst and/or second electrodes and the resistance layer 
between two or more resistance values. The device may 
include a shared fourth electrode to provide extra program 
ming capability. In some embodiments, the device may be 
used to store a data state, to determine a count of multiple 
electrical signals, or to perform a logic operation between two 
electrical signals. 
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MULTI-TERMINAL RESISTANCE DEVICE 

CROSS-REFERENCES 

[0001] This application claims priority to US. Provisional 
Patent Application Ser. No. 61/086,480, ?led Aug. 6, 2008, 
the content of Which is herein incorporated by reference in its 
entirety. 

BACKGROUND 

[0002] In recent years, the memory market has gradually 
shifted from being PC (personal computer) driven to being 
consumer device driven. Accordingly, memory With high 
density and speed, loW poWer consumption, small form fac 
tor, and inexpensive data storage has been in high demand. 
[0003] Memory can either be classi?ed as volatile or non 
volatile. Volatile memory is memory that loses its contents 
When the poWer is turned off. In contrast, non-volatile 
memory does not require a continuous poWer supply to retain 
information. As such, non-volatile memory devices are 
Widely employed in computers, mobile communications ter 
minals, memory cards, and the like. Many non-volatile 
memories use solid-state memory devices as memory ele 
ments. In some cases, nonvolatile memory devices have 
employed ?ash memory. In recent years, non-volatile 
memory devices designs have employed resistance random 
access memory (RRAM). A unit cell of RRAM usually 
includes a data storage element Which has a variable resistive 
material layer. Generally, the resistance of the variable resis 
tive layer can be changed With an electrical pulse to Write data 
to the unit cell of RRAM. 
[0004] Given the general desire to quickly store and retrieve 
ever-increasing amounts of digital information, designers and 
manufacturers of memory devices are continually striving to 
increase the memory cell density of storage media to store 
greater amounts of information in smaller areas. Accordingly, 
there is a need for improvements in memory design to 
decrease memory cell siZe and thus increase memory cell 
densities. 

SUMMARY 

[0005] According to one aspect of the invention, an exem 
plary multi-terminal resistance device is provided including 
at least a ?rst and a second electrode, With a resistance layer 
electrically coupled to the ?rst and second electrodes. A 
shared third electrode is also electrically coupled to the resis 
tance layer. The resistance layer provides a ?rst current path 
betWeen the shared third electrode and the ?rst electrode and 
a second current path betWeen the shared third electrode and 
the second electrode. 
[0006] These and various other features and advantages 
Will be apparent from a reading of the folloWing detailed 
description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] FIG. 1A is a cross-section ofa multi-terminal resis 
tance device according to one aspect of the present invention. 
[0008] FIG. 1B is a schematic of one embodiment of the 
multi-terminal resistance device of FIG. 1A. 
[0009] FIG. 1C is a schematic of one embodiment of the 
multi-terminal resistance device of FIG. 1A. 
[0010] FIG. 2A is a cross-section of a multi-terminal resis 
tance device according to one aspect of the present invention. 
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[0011] FIG. 2B is a cross-section ofa multi-terminal resis 
tance device according to one aspect of the present invention. 
[0012] FIG. 2C is a cross-section of a multi-terminal resis 
tance device according to one aspect of the present invention. 
[0013] FIG. 3A is a cross-section ofa multi-terminal resis 
tance device according to one aspect of the present invention. 
[0014] FIG. 3B is a schematic of one embodiment of the 
multi-terminal resistance device of FIG. 3A. 
[0015] FIG. 4A is a graphical representation of multiple 
signals received by a multi-terminal resistance device over 
time according to one aspect of the present invention. 
[0016] FIG. 4B is a graphical representation of a resistance 
change in a multi-terminal resistance device corresponding 
the signals shoWn in FIG. 4A. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0017] The folloWing detailed description should be read 
With reference to the draWings, in Which like elements in 
different draWings are numbered identically. It Will be under 
stood that embodiments shoWn in the draWings and described 
herein are merely for illustrative purposes and are not 
intended to limit the invention to any embodiment. On the 
contrary, it is intended to cover alternatives, modi?cations, 
and equivalents as may be included Within the scope of the 
invention as de?ned by the appended claims. 
[0018] FIG. 1A is a cross-section of a multi-terminal resis 
tance device 1 0 in accordance With certain embodiments. The 
resistance device 10 generally includes a resistance layer 12 
that is electrically coupled to multiple electrodes. According 
to one embodiment, the resistance layer 12 is formed from a 
variable resistive material that, for example, exhibits an elec 
trical pulse induced resistance (EPIR) effect. As such, the 
resistance device 10 can be induced into one or more states 

and is useful for storing information and performing other 
operations based on the electrical signals it receives. 
[0019] In some embodiments the resistance device 10 is 
con?gured as a unit memory cell, such as in an RRAM array. 
The exemplary resistance device 10 shoWn in FIG. 1A pro 
vides an improved resistance device that provides a number of 
advantages over conventional RRAM cells. In one embodi 
ment, for example, the resistance device 10 includes one or 
more shared electrodes that alloW storage of multiple bits of 
information Within a single unit cell. Other advantages and 
novelties Will become apparent throughout the course of this 
disclosure. 
[0020] Returning to FIG. 1A, in accordance With the 
depicted embodiment, the resistance layer 12 is electrically 
coupled to a ?rst electrode 14, a second electrode 16, and a 
shared third electrode 18. The third electrode 18 is “shared” in 
the sense that it is electrically coupled through the resistance 
layer 12 to both the ?rst and second electrodes 14, 16. For 
example, in some embodiments a potential applied betWeen 
the shared third electrode 18 and the ?rst and second elec 
trodes 14, 16 induces the resistance layer 12 to provide a ?rst 
current path 20 betWeen the shared third electrode 18 and the 
?rst electrode 14, and a second current path 22 betWeen the 
shared third electrode 18 and the second electrode 16, respec 
tively. 
[0021] In some embodiments, the shared third electrode 18 
can be used as a shared Write electrode to program the resis 
tance device 10 using either or both of the ?rst and/or second 
electrodes 14, 16. For example, in one case, applying a cur 
rent along the ?rst current path 20 induces a ?rst resistance 
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change in the device 10, While applying a current along the 
second current path 22 induces a second, separate resistance 
change in the device 10.Among other advantages, associating 
data states With the ?rst and/or second resistance changes 
alloWs the device 10 to provide multi-bit capabilities Within a 
single memory cell With less dedicated terminals than in 
conventional memory cells. 

[0022] FIG. 1B is a high level schematic of the multi 
terminal resistance device 10 according to one embodiment 
of the invention. A media ?lm resistance RM30 represents the 
resistance of the resistance layer 12 shoWn in FIG. 1A. While 
the media ?lm resistance 30 may change someWhat during 
operation of the device 10, the majority of resistance change 
induced in the device by an electrical signal takes place at the 
interface of the resistance layer 12 and the ?rst, second, and 
third electrodes 14, 16, 18, rather than Within RM 30 itself. 
Accordingly, the resistances betWeen the electrodes and the 
resistance layer 12 are modeled as a ?rst junction resistance 
R A 32 proximate the ?rst electrode 14, a second junction 
resistance R D 34 proximate the second electrode 16, and a 
third junction resistance R B 36 proximate the third electrode 
18. 

[0023] According to one embodiment, R A 32 is a variable 
resistance that is sWitchable betWeen a ?rst resistance value 
and a second resistance value according to an electrical signal 
applied betWeen the ?rst electrode 14 and the shared third 
electrode 18 along the ?rst current path 20. For example, a 
?rst electrical signal (e.g., current or voltage) having a mag 
nitude and a polarity may be applied to the ?rst current path 
20 to induce the ?rst junction resistance 32 into a high resis 
tance state. Another electrical signal having the same magni 
tude and opposite polarity may be applied to the ?rst current 
path 20 to induce the ?rst junction resistance 32 into a loW 
resistance state. Thus, by assigning data states to the ?rst and 
second resistance values, the ?rst junction resistance 32 can 
be programmed to sWitch betWeen and hold a state of the 
resistance device 10. 

[0024] In some embodiments, for example, the junction 
resistance may sWitch betWeen a loW state having a resistance 
of about 1 Kohms and a high state having a resistance of about 
1 Mohms. The programming voltage may in some cases be 13 
Volts or loWer, depending upon the speci?c materials making 
up the electrodes and resistance layers. Of course, other sig 
nal strengths and resistance levels may be used according to 
different embodiments of the invention. 

[0025] With continued reference to FIG. 1B, the current 
state of the resistance device 10 can be determined by mea 
suring the value of the ?rst junction resistance 32. In one 
embodiment, the ?rst and second electrodes 14, 16 act as read 
terminals to alloW recovery of the device state. For example, 
upon applying a potential across the ?rst and second elec 
trodes 14, 16, the resistance layer 12 provides a third current 
path 38 betWeen the ?rst and second electrodes 14, 16. This 
third current path 38 has a resistance R30 including the ?rst 
junction resistance 32, the media ?lm resistance 30, and the 
second junction resistance 34. By measuring the resistance 
R3C of the third current path 38, R A 32 can be determined 
given the other resistances are knoWn. The media ?lm resis 
tance 30 is typically a feW Kohms, although it may vary 
depending upon the geometry of the device, such as the 
length, Width, and thickness. Upon determining R A 32, the 
current state of the resistance device 10 can also be deter 
mined. 
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[0026] Accordingly, depending upon the value of R J1, the 
resistance R30 may comprise one of a plurality of resistance 
values, each corresponding to a different data state. In some 
embodiments Where the ?rst junction resistance 32 only 
sWitches betWeen a ?rst and a second resistance value, the 
current state of the resistance device 10 may only be one of 
tWo possible data states. 
[0027] Referring noW to FIG. 1C, in some embodiments, 
the second junction resistance 34 is con?gured as a variable 
resistance. Similar to the description above, an electrical sig 
nal may be applied to the second current path 22 to induce the 
second junction resistance 34 into a high or loW resistance 
state. By assigning data states to the ?rst and second resis 
tance values, the second junction resistance 32 can be pro 
grammed to sWitch betWeen and hold a state of the resistance 
device 10. The current state of the device may again be deter 
mined by measuring the resistance of the third current path 
R30 to determine the second junction resistance 34. 
[0028] In an additional embodiment, multi-bit operations 
are provided by con?guring both the ?rst and the second 
junction resistances 32, 34 as variable resistances as outlined 
above. In such a case, the ?rst and second junction resistances 
32, 34 may be individually programmed, thus providing four 
possible resistance values and data states for the resistance 
device 10. Accordingly, the resistance device 10 may advan 
tageously function as a multi-bit RRAM cell While having 
one less electrode or terminal than the tWo RRAM cells 
required to provide multi-bit functionality in a conventional 
RRAM array. 
[0029] Because the resistance device 10 makes multi-bit 
operations possible With a single resistance layer 12 and less 
than the conventional number of electrodes, more informa 
tion can be stored Within a smaller area than in conventional 
applications. For example, multiple instances of the resis 
tance device 10 may be combined to form an RRAM array 
having only one Write line for every tWo read lines Within the 
array. As Will be appreciated, this can provide valuable space 
and material savings, leading to a denser and less expensive 
memory array. 

[0030] Further, in some embodiments, one or more of the 
?rst and second junction resistances 32, 34 may be sWitchable 
betWeen more than tWo resistance values. For example, in one 
embodiment applying different signal magnitudes (e. g., 
greater and lesser voltages) or signal durations changes a 
junction resistance betWeen more than tWo resistance values. 
In another embodiment, multiple identical signal pulses 
sWitches a junction resistance betWeen multiple resistance 
values. Thus, each of the ?rst and second junction resistances 
32, 34 may potentially be con?gurable into more than tWo 
states, thus providing a resistance device 10 capable of storing 
greater than tWo bits of data. 

[0031] Turning noW to FIGS. 2A-2C, multiple physical 
con?gurations 50, 52, 54 of a multi-terminal resistance device 
are depicted in cross-section according to certain embodi 
ments. As is shoWn, a multi-terminal resistance device may 
take on a variety of physical con?gurations and layouts 
depending upon the speci?c requirements for a particular 
design. FIG. 2A depicts an asymmetric con?guration of the 
electrodes 14, 16, 18, While FIG. 2B shoWs a symmetric 
con?guration. Referring to FIG. 2C, in one embodiment, a 
conductive element 56 may be inserted into a middle of the 
resistance layer 12 in order to provide a common connection 
for the shared third electrode 18. FIGS. 2A-2C merely repre 
sent three possible con?gurations of a three-terminal resis 
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tance device and do not represent an exhaustive list of con 
?gurations nor are they meant to limit the invention to any one 
con?guration. 
[0032] The resistance layer 12 may comprise any material 
having the desired resistance switching capability. For 
example, in some embodiments, the resistance layer 12 may 
be formed form one or more materials exhibiting an EPIR 
effect. In certain embodiments, the resistance layer 12 maybe 
formed of a binary transition metal oxide, such as one 
selected from the group consisting of CuO, NiO, CoO, ZnO, 
CrO2, TiO2, HfO2, ZrO2, Fe2O3, and Nb2O5. In other cases 
the resistance layer 12 may include a perovskite colossal 
magnetoresistive material or a ferroelectric material such as 

PrO_7CaO_3MnO3, YBa2Cu3O7, SrTiO3, or PZT. 
[0033] In some cases the ?rst, second, and third electrodes 
14, 16, 18 are formed of the same material, although this is not 
necessary. For example, one or more of the electrodes may be 
formed from materials selected from the group consisting of 
Pt, Ag, Au, Ru and SrRuO3. In some preferred embodiments, 
the ?rst electrode 14 comprises a different material than the 
second electrode 16 in order to provide slightly different 
resistance characteristics. For example, When the ?rst junc 
tion resistance 32 and the second junction resistance 34 each 
take on different high and loW resistance values, it may be 
possible to clearly identify the current state of the device 
based on the overall resistance measurement betWeen the ?rst 
and second electrodes. 
[0034] With reference noW to FIGS. 3A and 3B, in some 
embodiments of the invention, a resistance device 58 is pro 
vided With a shared fourth electrode 60 electrically coupled 
With the resistance layer to provide a second and/or indepen 
dent method of Writing to the ?rst and second electrodes 32, 
34 apart from the shared third electrode 18. The fourth elec 
trode 60 is “shared” in the sense that it is electrically coupled 
through the resistance layer 12 to both the ?rst and second 
electrodes 14, 16. For example, in some embodiments a 
potential applied to the shared fourth electrode 60 induces the 
resistance layer 12 to provide a fourth current path 62 
betWeen the shared fourth electrode 60 and the ?rst electrode 
14, and a ?fth current path 64 betWeen the shared fourth 
electrode 60 and the second electrode 16. Thus in some 
embodiments, the shared fourth electrode 18 may act as a 
shared Write electrode or terminal, Which may be used to 
program the resistance device 58 using the ?rst and/ or second 
electrodes 14, 16. 
[0035] Accordingly, in one embodiment, an electrical sig 
nal may be applied to the ?rst current path 20 and/or the fourth 
current path 62 in order to sWitch the ?rst junction resistance 
32. Similarly, an electrical signal may be applied to the sec 
ond current path 22 and/or the ?fth current path 64 in order to 
sWitch the second junction resistance 34. Thus, this four 
terminal resistance device 58 provides tWo degrees of free 
dom for sWitching the ?rst and/or second junction resistances 
32, 34. Accordingly, in some embodiments, the resistance 
device 58 may function as a sWitch With tWo independent 
controls in the shared third and fourth electrodes. In addition, 
the dual shared electrodes can alloW parallel data processing 
according to some embodiments. 

[0036] In certain embodiments, the resistance device 58 
shoWn in FIG. 3A may advantageously function as a logic 
element With inputs at the shared third and fourth electrodes 
18, 60, and the output measured across the ?rst and second 
electrodes 14, 16. For example, a ?rst electrical signal may be 
applied along the ?rst current path 20 and a second electrical 
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signal may be applied along the ?fth current path 64 to set the 
current state of the resistance device 58. The current state may 
then be re?ected as the sum of the ?rst junction resistance 32, 
the second junction resistance 34 and the media resistance 30. 
In an embodiment Where each junction resistance 32, 34 may 
take on tWo possible values, the four possible resistance val 
ues for the resistance sum may then be assigned states re?ect 
ing a logic operation betWeen the ?rst electrical signal and the 
second electrical signal. For example, the assigned states may 
re?ect an AND operation or an OR operation. 

[0037] As previously mentioned, in some embodiments of 
the invention, multiple signal pulses are used to sWitch a 
junction resistance betWeen tWo or more resistance values 
and data states, thus providing added ?exibility and function 
ality for a resistive device. For example, returning to FIG. 1B, 
in some cases the value of junction resistance 32 may change 
With each additional signal pulse applied betWeen the ?rst 
electrode 14 and the third electrode 18. Thus, in some 
embodiments, the value of the junction resistance 32 informs 
as to the number of pulses that have been previously applied 
betWeen the ?rst and third electrodes 14, 18. Accordingly, by 
measuring the junction resistance 32 (e.g., as part of the 
overall resistance along the third current path 38), the resis 
tive device can be used to count signal pulses and/ or convert 
a discrete number of signal pulses (i.e., digital information) 
into a single resistance value (i.e., analog information). 
[0038] FIGS. 4A and 4B illustrate the operation of a resis 
tive device (e. g., any of the resistive devices described above) 
as a number counter or digital to analog converter according 
to some embodiments of the invention. FIG. 4A illustrates a 
group ofsignal pulses 70, 72, 74, 76, 78, and 80 applied across 
a junction resistance (e.g., junction resistance 32 in FIG. 1B) 
having a magnitude of V0 volts. In some embodiments, the 
junction resistance sWitches betWeen a series of resistance 
values as each consecutive signal pulse is applied across the 
junction. 
[0039] For example, referring to FIG. 4B, in some cases, 
the junction resistance may increase a prede?ned amount 
With each additional signal pulse. The junction resistance 
may be initially set to a loW resistance value 82. The ?rst 
voltage pulse 70 changes the junction resistance to a ?rst 
resistance value 84. The second positive pulse 72 then 
changes the junction resistance to a second resistance value 
86. Likewise, each additional signal pulse 74, 76, 78, and 80, 
changes the junction resistance to increasing resistance val 
ues 88, 90, 92, and 94, respectively. In some embodiments, an 
opposite signal pulse 96 resets the junction resistance to the 
loW resistance value 82. In other cases, a voltage pulse With 
the same polarity but With a different level may be used to 
reset to the loW resistance value 82. 

[0040] As shoWn in FIG. 4B, the consecutive resistance 
levels for different numbers of signal pulses may be Well 
separated in value and repeatable and recoverable. Thus, the 
total number of signal pulses at any given time can be deter 
mined by measuring the junction resistance. Multiple data 
bits may be stored by de?ning, for instance, a bit of “000” as 
the loW resistance level 82, and bits “001”, “010”, “011”, 
“100”, etc., can then be respectively de?ned as the resistance 
values 84, 86, 88, 90 and so on. In some embodiments, the 
signal pulse 96 resets the junction resistance to the loW resis 
tance state “000”. 

[0041] Thus, differing numbers of signal pulses can be 
stored as multiple bits of data, counted, and/ or converted to an 
analog value by a single junction resistance in a resistive 
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device. In some embodiments, only a single junction resis 
tance may be programmed in this Way (e.g., junction resis 
tance 32 in FIG. 1B), While in other embodiments multiple 
junction resistances may be programmed in this Way to pro 
vide even greater functionality. For example, both junction 
resistances 32 and 34 in FIG. 1C may store a count. The state 
of the resistive device can be determined by measuring the 
resistance betWeen the ?rst and second electrodes 32, 34, 
Which includes the ?rst and second junction resistances 32, 
34. 
[0042] Thus, embodiments of the MULTI-TERMINAL 
RESISTANCE DEVICE are disclosed. Although the present 
invention has been described in considerable detail With ref 
erence to certain disclosed embodiments, the disclosed 
embodiments are presented for purposes of illustration and 
not limitation and other embodiments of the invention are 
possible. One skilled in the art Will appreciate that various 
changes, adaptations, and modi?cations may be made With 
out departing from the spirit of the invention and the scope of 
the appended claims. 
What is claimed is: 
1. A multi-terminal resistance device, comprising: 
a ?rst electrode; 
a second electrode; 
a resistance layer electrically coupled to the ?rst and sec 

ond electrodes; and 
a shared third electrode electrically coupled to the resis 

tance layer, Wherein the resistance layer provides a ?rst 
current path betWeen the shared third electrode and the 
?rst electrode and a second current path betWeen the 
shared third electrode and the second electrode. 

2. The resistance device of claim 1, Wherein the resistance 
layer further provides a third current path betWeen the ?rst 
and second electrodes, the third current path having a resis 
tance de?ning a current state of the resistance device. 

3. The resistance device of claim 2, Wherein the resistance 
of the third current path is one of a plurality of resistance 
values, and Wherein the current state is one of a plurality of 
data states respectively corresponding to the plurality of resis 
tance values. 

4. The resistance device of claim 2, Wherein the resistance 
of the third current path includes a ?rst junction resistance 
proximate the ?rst electrode. 

5. The resistance device of claim 4, Wherein the resistance 
of the third current path includes a second junction resistance 
proximate the second electrode. 

6. The resistance device of claim 5, Wherein at least one of 
the ?rst and second junction resistances is a variable resis 
tance sWitchable betWeen a ?rst resistance value and a second 
resistance value. 

7. The resistance device of claim 6, Wherein at least one of 
the ?rst and second junction resistances is sWitchable 
betWeen more than tWo resistance values. 

8. The resistance device of claim 2, further comprising a 
shared fourth electrode electrically coupled to the resistance 
layer, Wherein the resistance layer provides a fourth current 
path betWeen the shared fourth electrode and the ?rst elec 
trode and a ?fth current path betWeen the shared fourth elec 
trode and the second electrode. 

9. The resistance device of claim 8, Wherein the resistance 
of the third current path comprises a ?rst variable resistance 
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proximate the ?rst electrode, the ?rst variable resistance 
being sWitchable betWeen a plurality of resistance values 
based on a ?rst current ?oW along one or more of the ?rst and 
fourth current paths. 

10. The resistance device of claim 9, Wherein the resistance 
of the third current path comprises a second variable resis 
tance proximate the second electrode, the second variable 
resistance being sWitchable betWeen a plurality of resistance 
values based on a second current ?oW along one or more of 
the second and ?fth current paths. 

11. The resistance device of claim 1 Wherein the ?rst, 
second, and third electrodes are formed of materials selected 
from the group consisting of Pt, Ag, Au, Ru and SrRuO3. 

12. The resistance device of claim 1, Wherein the resistance 
layer is formed of a material exhibiting an electrical pulse 
induced resistance effect. 

13. The resistance device of claim 12, Wherein the resis 
tance layer is formed of a binary transition metal oxide 
selected from the group consisting of CuO, NiO, CoO, ZnO, 
CrO2, TiO2, HfO2, ZrO2, Fe2O3, and Nb2O5. 

14. The resistance device of claim 12, Wherein the resis 
tance layer is formed of a complex oxide from the group 
consisting of perovskite colossal magnetoresistive materials 
and ferroelectric materials. 

15. A method for operating a resistance device, compris 
ing: 

providing a resistance device having a ?rst electrode, a 
second electrode, a resistance layer electrically coupled 
to the ?rst and second electrodes, and a shared third 
electrode electrically coupled to the resistance layer, the 
resistance layer providing a ?rst current path from the 
shared third electrode to the ?rst electrode and a second 
current path from the shared third electrode to the sec 
ond electrode; and 

applying a ?rst electrical signal along the ?rst current path 
to set a current state of the resistance device. 

16. The method of claim 15, further comprising applying a 
second electrical signal along the second current path to set 
the current state of the resistance device. 

17. The method of claim 16, Wherein the current state 
represents a data value in a multi-bit memory. 

18. The method of claim 15, further comprising measuring 
a resistance betWeen the ?rst and second electrodes to deter 
mine the current state of the resistance device. 

19. The method of claim 18, further comprising applying 
multiple electrical signals along the ?rst and/or second cur 
rent paths to change the resistance betWeen the ?rst and 
second electrodes, and further comprising measuring the 
resistance to determine a count of the multiple electrical 
signals. 

20. The method of claim 18, further comprising providing 
the resistance device With a shared fourth electrode electri 
cally coupled to the resistance layer, the resistance layer 
providing a fourth current path betWeen the shared fourth 
electrode and the ?rst electrode and a ?fth current path 
betWeen the shared fourth electrode and the second electrode, 
applying a second electrical signal along the ?fth current path 
to set the current state of the resistance device, the current 
state re?ecting a logic operation betWeen the ?rst electrical 
signal and the second electrical signal. 

* * * * * 


